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PROCESSES FOR THE PREPARATION OF 4 ( 5 ) -AMINO- 5 (4 ) - 
CARBOXAMIDOIMIDAZOLES AND INTERMEDIATES THEREOF 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to processes for simply and 
efficiently preparing 4 (5) -aminoimidazole-5- (4) -carboxamido 
derivatives and intermediates thereof, which are useful as 
intermediates of agricultural chemicals and medicines. 
Description of the Prior Art 

Among the compounds represented by formula (I) : 



CONH 2 



IP R 2 NH2 



(I) 



for example, 1H-4 (5) -aminoimidazole-5 (4 ) -carboxamide (wherein Ri 
and R2 represent hydrogen atoms (hereinafter abbreviated as 
AICA) ) , and hydrochloric salts thereof are useful intermediates 
of medicines, and for example, have been known as basic 
ingredients of ant i- cancer drugs such as dacarbazine and 
temozoromide, and hepatic protectives such as urazamide. 

The processes for synthesizing these include the process 
wherein 4-nitroimidazole-5-carboxamido is contact -reduced, the 
process wherein phenylazomalonamidine is 



reduced and cyclized in formic acid, the process wherein <x- 
amino-a-cyanoacetamido is used as a raw material, and the 
process wherein a compound having a purine core is decomposed. 
However, these are insufficient in terms of raw materials, 
manipulation and industry. 

Also, there is the process wherein from industrially 
available diaminomaleonitrile (hereinafter abbreviated as DAMN) , 
4,5-dicyanoimidazole is synthesized, which is hydrolyzed 
(Japanese Patent Publication No. 21026/1966) to synthesize 1H- 
4(5)-cyanoimidazole-5(4)-carboxamide < which is converted to 1H- 
4 (5)-aminoimidazole-5(4)-carbonitrile (hereinafter abbreviated as 

jpsra, 

0 AICN) using the Hoffman rearrangement reaction (Japanese Patent 

1 Publication No. 10889/1971), and subsequently it is hydrolyzed to 
m synthesize AICA. However, it has been problematic in that a yield 
f from the Hoffman rearrangement reaction is low, steps in the 

process are many and a yield of the objective is low. 

Additionally, B. L. Booth et al . (J. Chem. Soc. Perkin 
Trans. 1:1705, 1990) reported that AICN could be synthesized by 
cyclizing N- (2-amino-l, 2-dicyanovinyl) formamidine (hereinafter 
abbreviated as AMD) but did not describe the synthesis of AICA. 

Also, B. L. Booth et al . (J. Chem. Soc. Perkin Trans., 
1:2120, 1992; J. Chem. Soc . Perkin Trans . , 1:669, 1995) reported 
that i-substituted-5-aminoimidazole-4- 
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carbonitrile could be synthesized by cyclizing M- (2-amino-l, 2- 
dicyanovinyD-N'-substituted-formamidine but did not describe the 
synthesis of i-substituted-5-aminoimidazole-4-carboxamide which 
is one of the target substances of the present invention. 

Also, B. L. Booth et al . (J. Chem. Soc. Perkin Trans., 
1:1521, 1987) reported the process for synthesizing 1,2- 
substituted imidazole as shown by the following formula. 



H 2 N NH 2 
[RC=NMe) + - OTf + )=/ 



NC CN 



NaOH 



Me cONH 2 
N ^NH 2 



HN-Me 
R— < I + 



HN 



NC 




NH 2 



CN 



"OTf 



However, it is not suitable for synthesis of N-non- 
substituents due to the use of a special nitrilium salt, yet it 
has been problematic in that a yield from cyclization is low and 
the objective was not obtained with a sufficient yield. 

Moreover, it has also been problematic in that in the case 
of conducting a reaction of alkylation of 1H-4 (5) -aminoimidazole- 
5(4)-carboxamide, both 1- and 3-positions are alkylated and thus 
its selectivity of position is low. 
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As the process for synthesis of compounds represented by 
formula (II) which can be intermediates in synthesis of compounds 
represented by formula (I), for example, R. F. Shuman et al . (J. 
Org. Chem., 44:4532, 1979) have reported that N- (2 -amino- 1 , 2- 
dicyanovinyl) formamidine can be synthesized by the method in 
which DAMN and formamidine acetate are refluxed in ethanol. 
However, its yield was only 2% and the method is unrealistic as 
an industrial process for the preparation. 

Also, B. L . Booth et al . (J. Chem. Soc . Perkin Trans., 
1:1705, 1990) have reported that DAMN and triethylorthof ormate 
S are reacted in dioxane to synthesize ethyl N- ( 2 -amino- 1- , 2- 

m 

00 diaminovinyl) formimidate, which is further reacted with ammonia 
W in chloroform at a low temperature of -20°C or below using 

in 

« aniline hydrochloride as a catalyst resulting in being capable of 
synthesizing N- (2-amino-l , 2-dicyanovinyl) formamidine. However, 
in this method there are many problems such as the vexatious 
complication of reaction manipulation, reaction at a low 
temperature, many solvents being required, potential 
environmental pollution by halide solvents and the like, and it 
was insufficient as an industrial process for the preparation. 

SUMMARY OF THE INVENTION 

As mentioned above, no simple and efficient process has 
been known for preparing 4 (5) -aminoimidazole-5 (4) -carboxamide 
derivatives and intermediates thereof, which are useful as 
intermediates of agricultural chemicals and medicines, and the 
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present invention is aimed to provide processes for the 
preparation thereof. 

That is, the present invention relates to; 

a process for the preparation characterized in that a 
compound represented by formula (II) : 



V 



R 2 HN , 

^CN 




(ID 



H 2 N CN 

(wherein Ri and R2 each independently represent a hydrogen 
atom, an alkyl group of CI to CIO which may have substituents, a 
hydrocarbon group of C3 to C14 having alicyclic skeletons, an 
alkynyl group which may have substituents, an aryl group which 
may have substituents, an aralkyl group which may have 
substituents, a heterocyclic group which may have substituents, a 
heterocyclic alkyl group which may have substituents, an N- 
unsubstituted or substituted carbamoyl group, or an 
alkoxycarbonyl group) and/or a salt thereof are cyclized and 
hydrolyzed in an aqueous basic solution in a process for 
preparing a compound represented by formula (I) : 

CONH 2 

(wherein R iand R2 represent the same as defined above) 
[Constitution 1] ; 
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a process for the preparation characterized in that a 
compound represented by formula (II) : 



R 2 HN 




(ID 



H 2 N XN 

(wherein Ri represents a hydrogen atom, an alkyl group of CI to 
CIO which may have substituents, a hydrocarbon group of C3 to C14 
having alicyclic skeletons, an alkynyl group which may have 
H" substituents, an aryl group which may have substituents , an 

o 

0 aralkyl group which may have substituents, a heterocyclic group 
which may have substituents, a heterocyclic alkyl group which may 
have substituents, an N-unsubstituted or substituted carbamoyl 
group, or an alkoxycarbonyl group; and R2 represents a hydrogen 
atom) and/or a salt thereof are cyclized/ hydrolyzed in an 
aqueous basic solution followed by adjusting the pH to the 



hf; isoelectric point to precipitate crystal in a process for 

preparing a compound represented by formula (I) : 

CONH 2 

(wherein R iand R2 represent the same as defined above) 
[Constitution 2] ; 

a process for the preparation characterized in that a 
compound represented by formula (II) : 



6 



R 2 HN. 

(II) 




H 2 N' 

(wherein Ri represents a hydrogen atom, an alkyl group of CI to 
CIO which may have substituents , a hydrocarbon group of C3 to C14 
having alicyclic skeletons, an alkynyl group which may have 
substituents, an aryl group which may have substituents, an 
aralkyl group which may have substituents, a heterocyclic group 
M> which may have substituents, a heterocyclic alkyl group which may 
P have substituents, an N-unsubstituted or substituted carbamoyl 
§ group, or an alkoxycarbonyl group and R 2 represents a hydrogen 
jfj atom) and/or a salt thereof are cyclized/ hydrolyzed in an 
J" aqueous basic solution followed by adjusting the pH to 9 to 13 to 
H precipitate crystal in a process for preparing a 

yyi 

H compound represented by formula (I) : 

lH 

P4 CONH 2 

«<-< X «« 

(wherein Ri and R2 represent the same as defined above). 
[Constitution 3] ; 

the process for the preparation according to [Constitution 
3] characterized in that the pH is adjusted to a range of 11 to 
12 [Constitution 4] ; 

the process for the preparation according to any of 
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[Constitution 1] through [Constitution 4] characterized in that a 
basic compound is sodium hydroxide or potassium hydroxide 
[Constitution 5] ; 

a process for the preparation characterized in that a 
compound represented by formula (III) : 



H 2 N CN 

(wherein R i represents the same as defined above and R3 
represents an alkyl group of CI to C6) is reacted with ammonia in 
alcohol of CI to C5 in a process for preparing a 
compound represented by formula (II) : 

R 2 HN 



H 2 N "CN 

(wherein Ri represents the same as defined above and R2 
represents a hydrogen atom) [Constitution 6] ; 

a process for the preparation characterized in that 
diaminomaleonitrile is reacted with a compound represented by 
formula (IV) :R ]_C (OR 3 ) 3 (wherein Ri and R3 represent the same 
as defined above) , in alcohol of CI to C5 to produce a compound 
represented by general formula (III) : 




(III) 




(ID 
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H 2 N CN 

(wherein Ri and R 3 represent the same as defined above) 
followed by being reacted with ammonia in alcohol of CI to C5 in 
a process for preparing a compound represented by formula (II) : 



Y 



(ID 




(wherein Ri represents the same as defined above and R2 
represents a hydrogen atom) [Constitution 7] ; 

0 the process for the preparation according to [Constitution 

m 

^ 6] or [Constitution 7] characterized in that alcohol of CI to C5 

in 

0 is methyl alcohol or ethyl alcohol [Constitution 8] ; 

a process for the preparation characterized in that 
diaminomaleonitrile is reacted with a compound represented by 
formula (IV) :R iC (OR 3 ) 3 (wherein Ri and R 3 represent the same 
as defined the above) , in alcohol of CI to C5 in a process for 
preparing a compound represented by formula (III) : 
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(III) 



(wherein Ri and R3 represent the same as defined above) 
[Constitution 9] ; 

the process for the preparation according to [Constitution 
9] characterized in that alcohol of CI to C5 is methyl alcohol or 
ethyl alcohol [Constitution 10] ; 

a process for the preparation characterized in that a 

M= compound of the formula (V): RiCN (wherein Ri represents the 

O 

0 same as defined above) is reacted with diaminomaleonitrile in the 

03 

CO presence of an acid in a process for preparing a compound 

ffj represented by formula (II) : 




(wherein Ri represents an alkyl group of CI to CIO which may 
have substituents, a hydrocarbon group of C3 to C14 having 
alicyclic skeletons, an alkynyl group which may have 
substituents, an aryl group which may have substituents, an 
aralkyl group which may have substituents , a heterocyclic group 
which may have substituents, a heterocyclic alkyl group which may 
have substituents, an N-unsubstituted or substituted carbamoyl 
group, or an alkoxycarbonyl group and R2 represents a hydrogen 
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atom) and a salt thereof [Constitution 11] ; 

the process for the preparation according to [Constitution 
11] characterized in that an acid is anhydrous hydrochloric acid 
[Constitution 12] ; 

a compound represented by formula (II) : 

R 2 HN 



H 2 N CN 

(wherein Ri represents the same as defined above and R2 
represents a hydrogen atom) , and salts thereof [Constitution 13] ; 

a process for the preparation characterized in that 
diaminomaleonitrile and a compound represented by formula (VI) : 
R 1 CONHR 2 (wherein Ri and R2 each independently represent a 
hydrogen atom, an alkyl group of CI to CIO which may have 
substituents, a hydrocarbon group of C3 to C14 having alicyclic 
skeletons, an alkynyl group which may have substituents, an aryl 
group which may have substituents, an aralkyl group which may 
have substituents, a heterocyclic group which may have 
substituents, a heterocyclic alkyl group which may have 
substituents, an N-unsubstituted or substituted carbamoyl group, 
or an alkoxycarbonyl group) are reacted with a compound selected 
from the group consisting of phosphorous oxychloride, phosphorous 
trichloride, phosphorous pentachloride, phosphorous oxybromide, 
diphosphoryl chloride, sulfonyl chloride, sulfuryl chloride, 
phosgene, diphosgene, triphosgene, and chlorof ormate 




(ID 




trichloromethyl ester in a process for preparing a compound 
represented by formula (II) : 



H 2 N XN 

wherein (R i and R2 represent the same as defined above) 
[Constitution 14] ; 

the process for the preparation or the compound according 
to any of [Constitution 1] through [Constitution 3] , 
[Constitution 6] , [Constitution 7] , [Constitution 9] , 
[Constitution 11] , [Constitution 13] or [Constitution 14] wherein 
Rl in formulae (I) through (VI) is 
a hydrogen atom, 

an unsubstituted alkyl group of CI to CIO having straight or 
branched chains, 

an alkyl group having straight or branched chains substituted 
with halogen atoms, hydroxyl, alkoxy, acyloxy, carbamoyloxy, 
hydroxyalkyl, alkoxyalkyl, hydroxycarbonyl , alkoxycarbonyl, amino 
groups , 

a hydrocarbon group of C3 to C14 having alicyclic skeletons, 
an unsubstituted alkenyl group of CI to CIO having straight or 
branched chains, 

an alkenyl group of CI to CIO having straight or branched chains 
substituted with halogen atoms, hydroxyl, alkoxy, phenyl, 
substituted phenyl groups, 
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an unsubstituted alkynyl group of CI to CIO having straight or 
branched chains, 

an alkynyl group having straight or branched chains substituted 
with halogen atoms, hydroxyl, alkoxy, phenyl, substituted phenyl 
groups , 

a phenyl group, 

a phenyl group substituted with halogen atoms, alkyl, alkoxy, 
phenyl, substituted phenyl, heterocyclic, aralkyl, heterocyclic 
alkyl groups, 

an unsubstituted aralkyl group having straight or branched 
chains, 

an aralkyl group having straight or branched chains substituted 
with halogen atoms, alkyl, alkoxy, phenyl, substituted phenyl, 
heterocyclic, aralkyl, heterocyclic alkyl groups, 

s an unsubstituted heterocyclic group, 

0 

llj a heterocyclic group substituted with halogen atoms, alkyl, 
|H alkoxy, phenyl, substituted phenyl, heterocyclic, aralkyl, 
fy heterocyclic alkyl groups, 

an unsubstituted heterocyclic alkyl group having straight or 

branched chains, 

a heterocyclic alkyl group having straight or branched chains 
substituted with halogen atoms, alkyl, alkoxy, phenyl, 
substituted phenyl, heterocyclic, aralkyl, heterocyclic alkyl 
groups, 

an N-unsubstituted or substituted carbamoyl group, 
or an alkoxycarbonyl group [Constitution 15] ; 

the process for the preparation according to [Constitution 

13 



1] or [Constitution 14] wherein R2 in formulae (I) , (II) and 
(VI) is an unsubstituted alkyl group of CI to CIO having straight 
or branched chains, 

an alkyl group having straight or branched chains substituted 
with halogen atoms, hydroxyl, alkoxy, acyloxy, carbamoyloxy, 
hydroxyalkyl , alkoxyalkyl, hydroxycarbonyl , alkoxycarbonyl , amino 
groups , 

a hydrocarbon group of C3 to C14 having alicyclic skeletons, 
an unsubstituted alkenyl group of CI to CIO having straight or 
branched chains, 

£f an alkenyl group of CI to CIO having straight or branched chains 
0 substituted with halogen atoms, hydroxyl, alkoxy, phenyl, 

fsl 

^ substituted phenyl groups, 

W an unsubstituted alkynyl group of CI to CIO having straight or 

in 

% branched chains, 

o 

yj an alkynyl group having straight or branched chains substituted 
\J\ with halogen atoms, hydroxyl, alkoxy, phenyl, substituted phenyl 

0 

jy groups , 

a phenyl group 

a phenyl group substituted with halogen atoms, alkyl, alkoxy, 
phenyl, substituted phenyl, heterocyclic, aralkyl, heterocyclic 
alkyl groups, 

an unsubstituted aralkyl group having straight or branched 
chains, 

an aralkyl group having straight or branched chains substituted 
with halogen atoms, alkyl, alkoxy, phenyl, substituted phenyl, 
heterocyclic, aralkyl, heterocyclic alkyl groups, 

14 



an unsubstituted heterocyclic group, 

a heterocyclic group substituted with halogen atoms, alkyl, 
alkoxy, phenyl, substituted phenyl, heterocyclic, aralkyl, 
heterocyclic alkyl groups, 

an unsubstituted heterocyclic alkyl group having straight or 
branched chains, 

a heterocyclic alkyl group having straight or branched chains 
substituted with halogen atoms, alkyl, alkoxy, phenyl, 
substituted phenyl, heterocyclic, aralkyl, heterocyclic alkyl 
groups , 

an N-unsubstituted or substituted carbamoyl group, 

O 

0 or an alkoxycarbonyl group [Constitution 16] ; 

09 

09 the process for the preparation according to any of 

|tj [Constitution 1] through [Constitution 3] , [Constitution 6] , 

ui 

s [Constitution 7] , [Constitution 9] , [Constitution 11] , or 

G 

y [Constitution 14] wherein Ri in formulae (I) through (VI) is 

B , 

It* 

m a hydrogen atom, 



m 



an unsubstituted alkyl group of CI to CIO having straight or 
branched chains, 

an alkyl group having straight or branched chains substituted 
with halogen atoms, hydroxyl, alkoxy, acyloxy, carbamoyloxy, 
hydroxyalkyl, alkoxyalkyl, hydroxycarbonyl , alkoxycarbonyl, amino 
groups [Constitution 17] ; 

the process for the preparation according to any of 
[Constitution 1] through [Constitution 3] , [Constitution 6] , 
[Constitution 7] , [Constitution 9] , [Constitution 11] , or 
[Constitution 14] wherein Ri in general formulae (I) through 

15 



(VI) is an unsubstituted alkyl group of CI to CIO having straight 
or branched chains [Constitution 18] ; 

the compound according to [Constitution 13] wherein Ri in 
formula (II) is 

an unsubstituted alkyl group of CI to CIO having straight or 
branched chains, 

an alkyl group having straight or branched chains substituted 
with halogen atoms, hydroxyl, alkoxy, acyloxy, carbamoyloxy , 
hydroxyalkyl , alkoxyalkyl , hydroxycarbonyl , alkoxycarbonyl , amino 
groups , 

a hydrocarbon group of C3 to C14 having alicyclic skeletons, 

o 

0 an unsubstituted alkenyl group of CI to CIO having straight or 
09 branched chains, 

RJ an alkenyl group of CI to CIO having straight or branched chains 

m 

b substituted with halogen atoms, hydroxyl, alkoxy, phenyl, 
y substituted phenyl groups, 

[fl an unsubstituted alkynyl group of CI to CIO having straight or 

fy branched chains, 

an alkynyl group having straight or branched chains substituted 
with halogen atoms, hydroxyl, alkoxy, phenyl, substituted phenyl 
groups , 

a phenyl group, 

a phenyl group substituted with halogen atoms, alkyl, alkoxy, 
phenyl, substituted phenyl, heterocyclic, aralkyl, heterocyclic 
alkyl groups, 

an unsubstituted aralkyl group having straight or branched 
chains, 

16 



an aralkyl group having straight or branched chains substituted 
with halogen atoms, alkyl, alkoxy, phenyl, substituted phenyl, 
heterocyclic, aralkyl, heterocyclic alkyl groups, 
an unsubstituted heterocyclic group, 

a heterocyclic group substituted with halogen atoms, alkyl, 
alkoxy, phenyl, substituted phenyl, heterocyclic, aralkyl, 
heterocyclic alkyl groups, 

an unsubstituted heterocyclic alkyl group having straight or 
branched chains, 

a heterocyclic alkyl group having straight or branched chains 

Lais 

g substituted with halogen atoms, alkyl, alkoxy, phenyl, 

jjj substituted phenyl, heterocyclic, aralkyl, heterocyclic alkyl 

j&j groups, 

fU an N-unsubstituted or substituted carbamoyl group, 

m 

b or an alkoxycarbonyl group [Constitution 19] ; 

o 

yJ the compound according to [Constitution 13] wherein in 

yi formula (II) is 

0 

py an unsubstituted alkyl group of CI to CIO having straight or 
branched chains, 

an alkyl group having straight or branched chains substituted 
with halogen atoms, hydroxyl, alkoxy, acyloxy, carbamoyloxy, 
hydroxyalkyl, alkoxyalkyl, hydroxycarbonyl , alkoxycarbonyl, amino 
groups [Constitution 20] ; and 

the compound according to [Constitution 13] wherein R^ in 
formula (II) is an unsubstituted alkyl group of CI to CIO having 
straight or branched chains [Constitution 21]. 

The present invention relates to a process for preparing 4- 
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aminoimidazole-5-carboxamide derivatives represented by formula 
(I). In formula (I), Ri and R2 each independently represent a 
hydrogen atom, an alkyl group of CI to CIO which may have 
substituents, a hydrocarbon group of C3 to C14 having alicyclic 
skeletons, an alkynyl group which may have substituents, an aryl 
group which may have substituents, an aralkyl group which may 
have substituents, a heterocyclic group which may have 
substituents, or a heterocyclic alkyl group which may have 
substituents . 

Specific examples of alkyl groups of CI to CIO which may 
have substituents can exemplify methyl, ethyl, n-propyl, iso- 
w propyl, n-butyl, t-butyl, n-decyl, methoxymethyl, 
W methylthiomethyl , 4 -acetoxy- 3 -acetoxymethyl -butyl , 4 -hydroxy- 3 - 
TQ hydroxymethyl -butyl , 2 -hydoroxyethoxymethyl , 2 -hydroxy- 1 - 



few 



1 hydroxymethyl - ethoxymethyl , 4 -hydroxy-2 -hydroxymethyl -butyl , 5 - 

y (N-methyl carbamoyloxy) butyl, hydroxycarbonylmethyl , 2- 

|H chloroethyl, 2-dimethylaminoethyl, N- substituted- 2 -asparagyl 

o 

pj groups and the like. Specific examples of hydrocarbon groups of 
C3 to C14 having alicyclic skeletons can exemplify cyclopropyl, 
cyclopropylmethyl, cyclohexyl, cyclohexylmethyl, 1 -adamant il, 1- 
adamantilmethyl, bicyclo [2,2,1] hepta-2, 3-epoxy-5-yl, cyclobutyl, 
2 , 3 -hydroxymethylcyclobutyl , cyclopentyl , 1,2- 
hydroxymethylcyclopropylmethyl groups, and the like. Specific 
examples of alkenyl groups which may have substituents can 
exemplify vinyl , 2 -methylvinyl , 1,2 -dichlorovinyl , cinnamoyl , 
3 1 ,4 1 -dimethoxycinnamoyl, allyl, 1-methylally, 3-chloro-2- 
propenyl, 3 -hydroxy- 1-butenyl, 3-methoxy-2-propenyl groups and 

18 





the like. Specific examples of alkynyl groups which may have 
substituents can exemplify ethynyl, 2-propynyl, 2-chloroethynyl , 

3 - chloro - 2 -propynyl , 3 - hydroxy- 1 -butenyl , 3 - alkoxy- 1 - but eny 1 , 3 - 
phenyl -2-propynyl, 3- (3 , 4-dimethoxyphenyl) -2-propenyl groups and 
the like. Specific examples of aryl groups which may have 
substituents can exemplify phenyl, 4 -me thy lphenyl, 4- 
chlorophenyl , 2,3- dime thy lphenyl , 3 , 5 -dime thy lphenyl , 2,6- 
dimethylphenyl , 4 -methoxyphenyl , 3 -phenoxyphenyl , 4 -phenylphenyl , 

4 - ( 2 - chloropheny 1 ) phenyl , 4 - ( 3 - i soxazolylpheny 1 ) phenyl , 3 - 
benzylphenyl , 2-pyridylmethylphenyl groups and the like. Specific 

- examples of aralkyl groups which may have substituents can 

0 exemplify benzyl, 1-methylbenzyl, phenethyl, 4- 

00 

W methylphenylmethyl , 4 - chlorophenylmethyl , 3 -me thoxyphenylmethyl , 

RJ 3-phenoxyphenylmethyl, 4 -phenyl -phenylmethyl, 4- (2-3-tetrazolyl) 

Ifl 

1 phenyl) phenylmethyl , 4- (2-pyridyl) phenylmethyl, 3- 

Q 

y benzylphenylmethyl , 3 - ( 2 -pyridylmethyl ) phenylmethyl , 4 -phenyl - 

s U 

\j\ phenyl -1 -me thylmethyl groups and the like. Specific examples of 

o 

pj heterocyclic groups which may have substituents can exemplify 2- 
pyridyl , 6 -methyl - 2 -pyridyl , 6 - chloro- 2 -pyridyl , 6 -methoxy- 2 - 
pyridyl, 4 -phenyl -2 -pyridyl, 4- (4-methylphenyl) -2-pyridyl, 6- (2- 
pyridyl) -2-pyridyl, 6- (2 -pyridylmethyl) -2-pyridyl, 4- 
tetrahydropyranyl, 3-isoxazolyl, P-D-arabinofuranosyl, P-D- 
ribof uranosyl , 5 -benzylamino- 5 -deoxy-P -D- ribof uranosyl , 5-0- 
me thyl - p - D- ribof uranosyl , 5 -phosphonyl - 5 - deoxy- p -D - ribof uranosyl , 
2 -deoxy- P-D-arabinofuranosyl, 2 -deoxy-P-D- ribof uranosyl groups 
and the like. Specific examples of heterocyclic alkyl groups 
which may have substituents can exemplify 2 -pyridylmethyl, 3- 
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pyridylmethyl , 6-chloro-pyridylmethyl, 6 -methoxy- 2 -pyridylmethyl, 
3 -phenyl - 2 -pyridylmethyl , 4 - ( 4 -methylphenyl ) - 2 -pyridylmethyl , 6 - 
(2-pyridyl) -2 -pyridylmethyl, 4 -benzyl -2 -pyridylmethyl, 4- (3- 
isoxazoryl ) - 2 -pyridylmethyl , 1 -methyl - 5 - chloro - 4 -pyrazolylmethyl 
groups and the like. Specific examples of N-unsubstituted or 
substituted carbamoyl groups can exemplify N-methylcarbamoyl , N- 
phenyl carbamoyl groups and the like. Specific examples of 
alkoxycarbonyl groups can exemplify t-butoxycarbonyl, 
methoxycarbonyl groups and the like. 

In the compounds represented by formula (II) used in the 
present invention, Ri and R2 represent the same as defined 
above, and can exemplify the same specific examples. 

The cyclization and hydrolysis reaction of the compound 
represented by formula (il) can exemplify , for example, the 

» process wherein 0.5 to 10 L of water per 1 mole of the compound 

0 

W represented by formula (II) is added followed by conducting the 

fjj reaction for 1 to 48 hours using 1 to 10 equivalents, preferably 

P 

jpy 2 to 8 equivalents of a basic compound. The compound represented 
by formula (II) can also be added to the reaction system in the 
form of salt such as hydrochloride or as a mixture with a salt . 
But, when using the compound represented by formula (II) in the 
form of salt, the quantity of the basic compound used in the 
reaction does not include a quantity used to neutralize the salt. 

The reaction temperature is also related to the reaction 
time period, and the reaction is usually carried out at normal 
room temperature to refluxing temperature. In this case, when a 
low concentration of a base is used, a reaction time period is 
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shortened and a low reaction temperature is chosen, the reaction 
is not sometimes completed sufficiently. After completion of the 
reaction, the compound represented by formula (I) can be obtained 
by cooling the aqueous solution to room temperature followed by 
extracting with the solvent, or by neutralizing the reaction 
solution followed by distilling out water and extracting with the 
solvent . 

As required, the obtained compound represented by formula 
(I) can be dissolved in a nonaqueous solvent, or an acid such as 
hydrogen chloride gas or concentrated hydrochloric acid can be 
P added to the reaction solution to precipitate the salt, and then 

*** the salt can be isolated by filtration. The generated salt is 

08 

Cp primarily defined depending on the acid used, however, after 

HF 

fU neutralizing the salt, another acid can be added or direct salt 

m 

b exchange can be performed to synthesize various types of salts. 

D 

y The compound represented by formula (I) can also be obtained by 

[n neutralizing a salt yielded as crystal. 

When R2 is a hydrogen atom in the compounds represented by 
formulae (I) and (II), after completion of the reaction, the 
aqueous solution can be cooled to room temperature, the pH is 
adjusted to the isoelectric point, and then the generated crystal 
can be filtrated to yield the target imidazole compound 
represented by formula (I) with a sufficient purity. The 
isoelectric point is varied depending on the compounds, and 
adjusting the pH to 9 to 13, preferably 11 to 12 affords a good 
result . 

After completion of the reaction and prior to cooling to 
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room temperature and adjusting the pH, setting a tail end process 
using activated carbon can sometimes improve the purity of 
obtained crystal or resolve coloring issues in some cases. 

Aqueous basic solutions used herein are not especially 
limited so long as it is an aqueous solution of a compound 
exhibiting to be basic, and can specifically exemplify aqueous 
solutions of alkali metallic or alkali earth metallic hydroxides 
such as sodium hydroxide, potassium hydroxide, magnesium 
hydroxide, calcium hydroxide, aluminium hydroxide and the like, 
and carbonates such as sodium carbonate, sodium hydrogen 
carbonate, potassium carbonate, potassium hydrogen carbonate, 
magnesium carbonate, and the like. Especially, an aqueous 
solution of sodium hydroxide or potassium hydroxide is 

preferable . 

HI 

• In the compounds represented by formula (III) , Ri 

o 

W represents the same as defined above and can exemplify the same 

y| specific examples. R3 represents an alkyl group of CI to C6, and 

£3 

pj can specifically exemplify methyl, ethyl, n-propyl, isopropyl, n- 
butyl, s-butyl, n-pentyl, n-hexyl groups and the like. 

The processes for preparing the compound represented by 
formula (II) wherein R2 is a hydrogen atom from the compound 
represented by formula (III) and ammonia can exemplify (1) a 
process wherein ammonia gas is injected into a CI to C5 alcohol 
solution or suspension of the compound represented by formula 
(III) , (2) a process wherein ammonia gas is injected into and 
dissolved in CI to C5 alcohol followed by directly adding the 
compound represented by formula (III) or by adding a CI to C5 
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alcohol solution or suspension of the compound represented by- 
formula (III) , (3) a process wherein a CI to C5 alcohol solution 
or suspension of the compound represented by formula (III) is 
added to ammonia condensed at a low temperature, and (4) a 
process wherein an aqueous solution of ammonia instead of ammonia 
gas is used in the above (1) or (2), and the like. 

Examples of CI to C5 alcohol can specifically exemplify 
methanol, ethanol, n-propanol, isopropanol, n-butanol, 
isobutanol, t-butanol and the like. In particular, methanol and 
ethanol are preferable in light of solubility of raw materials 
& and products, easiness in recovery and distillation, cost and the 

Spy! 

0 like. 

m 

03 The reaction progresses either under cooling or at the 

pa 

RJ solvent refluxing temperature. However, in light of solubility of 

ui 

a ammonia and exothermic heat at dissolution, starting the reaction 

Q 

y under cooling is preferable, and specifically reacting at -2 0°C 

l n to 20°C, preferably 0 to 10°C is preferred. The reaction time 

Q 

jpyj periods are not particularly limited but a range of 0.5 to 10 
hours is best exemplified. 

After termination of the reaction, isolation of the 
compound represented by formula (II) can be carried out, for 
example, by filtration. In order to reduce a portion dissolved in 
the solvent and improve a yield, it is preferable to precipitate 
sufficiently by cooling. 

Such processes can yield the compound represented by 
formula (II) with a high purity. However, when more highly 
purified products are required, purification can be carried out 
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by recrystallization. 

The compound represented by formula (III) can be prepared 
from DAMN and trialkylorthof ormate represented by formula (IV) . 
In the compounds represented by formula (IV), Ri and R3 
represent the same as defined above and can exemplify the same 
specific examples . 

The process for preparing the compound represented by 
formula (III) can be carried out in an alcohol solvent either at 
room temperature or on heating. Alcohol solvents can exemplify, 
for example, methanol, ethanol, n-propanol, isopropanol, n- 
butanol, isobutanol, t-butanol and the like. In particular, 

0 

0 methanol and ethanol are preferable in the light of solubility of 

09 

raw materials and products, easiness in recovery and 
PJ distillation, cost and the like. 

m 

s Furthermore, since alcohol of a lower alkyl derived from a 

y raw material used in the reaction is produced secondarily, it is 
if} preferable that an alcohol solvent to be used is to be the same 
§ type as the secondarily produced alcohol of the lower alkyl in 
terms of separation and recovery. Additionally, it is preferable 
that the type of alcohol solvent to be used is the same as the 
solvent in the following step at which the compound is reacted 
with ammonia in terms of recovering and utilizing the solvent. 

The reaction temperatures are not especially limited. 
However, the reaction is slow and a long time is required at a 
lower temperature, whereas it is necessary to note lowering in 
purity due to an increase in by-products (mainly 4,5- 
dicyanoimidazole, a cyclized product) while the raw materials 
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extinguish in a short time at a higher temperature. The range of 
room temperature to solvent refluxing temperatures is preferable 
as the reaction temperature. The reaction time period are not 
particularly limited but a range of 0.5 to 10 hours is best 
exemplified. 

After termination of the reaction, isolation of the 
compound represented by formula (III) can be carried out, for 
example by filtration. In such a case, in order to reduce a 
portion dissolved in the solvent and improve a yield, it is 
preferable to precipitate significantly by cooling to 0°C to room 
£ temperature. Such processes can yield the compound represented by 
i formula (HI) with a high purity. However, when more highly 
| purified products are required, purification can be carried out 
ft? by recrystallization. 

m 

A process for preparing the compound represented by formula 
(II) wherein R 2 is a hydrogen atom can exemplify a process 
wherein the compound of the formula (V) R lC N is reacted with 
jy diaminomaleonitrile in the presence of an acid. 

In the compound of the formula (V) R lC N, Rl represents the 
same as defined above except that it does not include a hydrogen 
atom, and can exemplify the same specific examples. Acids used 
herein are not especially limited so long as it is a compound 
exhibiting to be acidic, and can specifically exemplify sulfuric 
acid, hydrobromic acid, hydriodic acid, nitric acid, p-toluene 
sulfonic acid, methane sulfonic acid, trif luoromethane sulfonic 
acid and the like. Hydrochloric acid is preferable and anhydrous 
hydrochloric acid is more preferable in terms of reaction 



P 
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manipulation and cost. 

Standard solvents usable within industry except alcohols 
and ketones can be used as solvents used in the manufacture 
according to the above processes for preparing the compound 
represented by formula (II) . Specifically, hydrocarbon solvents 
such as benzene, toluene, xylene, cyclohexane and the like, 
halide solvents such as chloroform, methylene chloride, 
chlorobenzene, dichlorobenzene and the like, ether solvents such 
as diethyl ether, dioxane, tetrahydrofuran, diethyleneglycol 
dimethylether, and the like can be exemplified, and can be used 
alone or in mixture of two or more. When the nitriles represented 
by general formula (V) and used in the reaction is a liquid at 
the reaction temperature, it is preferable that it is used at an 
excess quantity and as such is used as the solvent. 

A quantity of the nitrile compound represented by formula 
(V) is not specifically limited so long as it is an equivalent or 
more based on a quantity of DAMN used. When it is used as the 
solvent, an excess quantity is used. The reaction of a nitrile 
compound with DAMN is usually carried out within a range of -80°C 
to 40°C. It is especially preferable to carry out within a range 
of -20°C to 3 0°C. A quantity of the acid used is necessary to be 
one equivalent or more based on a quantity of the DAMN usually 
used. Preferably 2.0 equivalents or more, and more preferably a 
range of 2 to 5 equivalents are appropriate. 

For the reaction either a process wherein the acid is added 
to the nitrile compound followed by adding DAMN, a process 
wherein the acid is added to the mixture of the nitrile compound 



and DAMN, or a process wherein the nitrile compound is added to 
the mixture of DAMN and the acid can be employed. For example, 
when hydrogen chloride gas is used as an anhydrous hydrochloric 
acid, a process can be exemplified wherein using the nitrile 
compound as the solvent, hydrogen chloride gas is injected at 0°C 
or below followed by adding DAMN at the same temperature. In this 
case, the reaction can also be carried out by injecting hydrogen 
chloride gas into the mixture of the nitrile compound and DAMN at 
0°C or below. 

In many cases, the reaction product is precipitated in the 

N 5 system as a salt with the acid used, and only filtration is 

Q 

0 needed to yield the compound having a purity capable of being 

tested in the next reaction. If the crystal is not precipitated, 
crystallization can be carried out by concentrating the solvent 

If] 

s followed by injecting into the non-polar solvent such as hexane 

0 

y and the like or by adding the non-polar solvent. 

u 

The product is provided for the next reaction either as an 
aqueous solution isolated from the solvent by adding water after 
the reaction to make the salt migrate into the aqueous layer, or 
as an acid- free amidine compound by adding an equivalent or more 
of the basic compound based on the acid used to neutralize 
followed by being extracted with the solvent. The acid- free 
amidine compound can also be obtained by neutralizing the salt 
obtained as crystal . 

The amidine compounds represented by formula (II) wherein 
R2 is a hydrogen atom and salts thereof are novel compounds and 
useful compounds as intermediates in synthesis of the imidazole 
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compounds represented by formula (I) and the like. The generated 
salt of amidine is primarily defined depending on the acid used, 
however, after neutralizing the salt, another acid can be added 
or a direct salt exchange can be performed to produce various 
types of salts. 

As a process for preparing the compound represented by 
general formula (II) , a process can be exemplified wherein 
diaminomaleonitrile and the compound represented by formula (VI) 
R i CONHR 2 are reacted with the compound (hereinafter abbreviated 
as phosphorous oxychloride etc.) selected from the group 
consisting of phosphorous oxychloride, phosphorous trichloride, 
phosphorous pentachloride, phosphorous oxybromide, diphosphoryl 
chloride, sulfonyl chloride, sulfuryl chloride, phosgene, 
diphosgene, triphosgene, and chlorof ormate trichloromethyl ester. 

In the compounds represented by formula (VI) , Ri and R2 
represent the same as defined for Ri and R2 in formula (I) in 
[Constitution 1], and can exemplify the same specific examples. 

Standard solvents usable within industry except alcohols 
and ketones can be used as solvents used in the manufacture 
according to the above processes for preparing the compound 
represented by formula (II) . Specifically, hydrocarbon solvents 
such as benzene, toluene, xylene, cyclohexane and the like, 
halide solvents such as chloroform, methylene chloride, 
chlorobenzene, dichlorobenzene and the like, ether solvents such 
as diethylether, dioxane, tetrahydrofuran, diethyleneglycol 
dimethylether, and the like can be exemplified, and can be used 
alone or in mixture of two or more to synthesize. 
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The above reaction can employ either (1) a process wherein 
phosphorous oxychloride etc., is added to a solution or 
suspension of DAMN and the compound represented by formula (VI) , 
(2) a process wherein phosphorous oxychloride etc., is added to a 
solution or suspension of the compound represented by formula 
(VI) followed by adding DAMN, or (3) a process wherein a solution 
or suspension of DAMN and the compound represented by formula 
(VI) is added to a solution or suspension of phosphorous 
oxychloride etc. Especially, the process of (1) is preferred. 

The reaction temperature is not especially limited, but the 
Jf reaction is preferably carried out at a lower temperature in 
P terms of control of the reaction. Specifically, the reaction is 
03 preferably carried out at -2 0°C to 4 0°C, more preferably at -10°C 
PJ to 40°C, and still more preferably at 0°C to 3 0°C. In particular, 

m 

5 when phosphorous oxychloride etc., is added or when being added 

o 

y to phosphorous oxychloride etc., the reaction is preferably 

in carried out at a still lower temperature, specifically at -20°C 

o 

jU to 3 0°C, and more preferably at -10°C to 10°C. 

A quantity of the compound represented by formula (VI) to 
be used is in a range of 1.0 to 2.0 equivalents based on a 
quantity of DAMN. A range of 1.0 to 1.2 equivalents is 
preferable. A quantity of phosphorous oxychloride etc., to be 
used is in a range of 1.0 to 1.5 equivalents based on a quantity 
of the compound represented by formula (VI) . The range of 1.0 to 
1.1 equivalents is preferable. 

A quantity of the solvent to be used is not especially 
limited, but a range of 0.1 to 10 L, more preferably 0.3 to 2 L, 
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f ablv 0 3 to 0.6 L based on one mole of DAMN 
and still "ore preferably 0.3 to 

are preferable. obtained by 

The compound represented by fo^ I. ^ 
fh . taction solution using a basic 

ing precipitat ed 

completion of the reaction followed 

. n or by being extracted with the solvent. Examp 
crystal or by exemplify alkali 

compounds used in this case can specifica 

earth metallic hydroxides such as sodium 
metallic or alkali earth hvdroxlde and the like, 

hyd roxide, potassium hydroxide, magnesium hydroxide 

earth metallic carbonates such as 

alkali metallic or alkali 
t so dium carbonate, sodium hydrogen carbonate, 

0 calcium carbonate, and the like. 

5 BES T MODE FOR CORING OUT THE INVENTION 

2 BEST MODE des cribed in detail using the 

m «- P— nt inVentl ° n 1 . not limited to the 

examples, but the present invention is not 



m 



examples . 
Examples 



m 

O Example 1 



Z S ml, and an agueous solution of * - 0 g, 
I d to 8 g of N -( 2 -amino-l,3-dicyanovinyl» formamidine 
W ere added to 8 g of ^ ^ ^ 2 

(hereinafter abbreviated as AMDI , 

. so lution was cooled to room temperature or 
vimirs This aqueous solution w<*» 

, „ the PH to 7 by adding 35% hydrochloric acid, 
below and adjusted the pH to 7 y 

The reaction solution was concentrated and exsiccated unde 

o ced pressure followed by adding ethanol, and subseguently 
reduced pressure filtrate 

p . Urat .pd and removed. The n- 1 - 1 - 1 ^ 
insoluble sodium chloride was filtrated 

„as treated with activated carbon and then concentrated 
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an ethanol solution of AICA. To lower the pH to 3 or less, 35% 
hydrochloric acid was added to this, cooled to 10°C or less, and 
subsequently generated crystal was filtrated. This crystal was 
dried to yield 8.1 g of 4 (5) -aminoimidazole-5-carboxamide 
(hereinafter abbreviated as AICA) hydrochloride (yield: 84%) . 
Melting point: 250-252°C (decomposition) 
Example 2 

After 75 ml of isobutyronitrile was cooled to 0°C, 9 . 3 g of 
hydrogen chloride gas was injected at a range of 0°C to 5°C 
followed by adding 11.0 g of DAMN. The solution was reacted at 
20°C to 25°C for 20 hours, and the reaction solution was cooled 
to 5°C or below followed by filtrating the resultant crystal. The 
crystal was washed twice with 15 ml of isobutyronitrile, and 
subsequently dried to yield 21.4 g of N-(2-amino 1,2- 
^ dicyanovinyl) isobutylamidine hydrochloride. 

W 1HNMR (CDC1 3 , TMS standard) 5 1.24 (d, 6H, CH3) , 2.91(m, 1H, CH) , 

jM* 

IM 8.29(s, 2H, NH2), 9.25, 9.86, 10.95 (3H, amidineHCl) 

Q 

hi Decomposition point: 13 7-13 9°C 

Water (20 ml) and 13.2 g of 25% NaOH aqueous solution were 
added to 4.3 g of the resultant N-(2-amino 1, 2 -dicyanovinyl) 
isobutylamidine hydrochloride, and reacted under reflux for 2 
hours. This aqueous solution is cooled to room temperature or 
below and the pH is adjusted to a range of 11 to 12. The reaction 
solution was cooled to 5°C or below, and the resultant crystal 
was filtrated. This crystal was dried to yield 2.4 g of lH-5(4)- 
amino-2-isopropylimidazole-4 (5) -carboxamide (yield: 70%) . 
1HNMR (CDC1 3/ TMS standard) 8 1.19(d, 6H, CH3) , 2.80 (m, 1H, CH) , 
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5.53 (s, 2H, NH2) , 6.62 (s, 2H, CONH2) , 11.15 (IH, imidazole, NH) 
Melting point: 218-224°C 
Example 3 

N-butyronitrile (78 ml) was cooled to 10°C, and 7.15 g of 
hydrogen chloride gas was injected followed by adding 10.8 g of 
DAMN. The solution was reacted at 20°C to 25°C for 48 hours, and 
the reaction solution was cooled to 5°C or below followed by 
filtrating the resultant crystal. The crystal was washed twice 
with 10 ml of n-butyronitrile, and subsequently dried to yield 
26.7 g of N- (2-amino-l, 2-dicyanovinyl) butylamidine 
^ hydrochloride . 

0 1HNMR (CDC1 3 , TMS standard) 6 0.95(t, 3H, CH3) , 1.70(m, 2H, 

| CH2) , 2.50(m, 2H, CH2) , 8.33(s, 2H, NH2) , 9.19, 10.06, 11.01(3H, 

nJ amidine HC1) 

Ln 

* Decomposition point: 148-151°C 

0 

yj Water (50 ml) and 54 g of 25% NaOH aqueous solution were 

m added to 9 - 28 9 of the resultant N- (2-amino-l, 2-dicyanovinyl) 

S 

jjj butylamidine hydrochloride, and reacted under reflux for 14 
hours. This aqueous solution was cooled to room temperature or 
below and the pH was adjusted to a range of 11 to 12 to generate 
crystal. The reaction solution was cooled to 5°C or below, and 
the resultant crystal was filtrated and dried to yield 4.1 g of 
lH-5(4) -amino-2-propylimidazole-4 (5) -carboxamide (yield: 62.3%) . 
1HNMR (CDC1 3 , TMS standard) 8 1.19(d, 6H, CH3) , 2.80(m, IH, CH) , 
5.53(8, 2H, NH2) , 6.62(s, 2H, C0NH2) , 11.15(1H, imidazole, NH) 
Melting point: 199-201°C 
Example 4 
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DAMN (30.0 g) and 32.4 g of trimethylorthof ormate were 
added to 60 ml of methanol, and stirred with heating at 65°C for 
2 hours under a nitrogen atmosphere. The reaction solution was 
cooled to 5°C or below, and precipitated crystal was filtrated 
and washed with 20 ml of methanol. The crystal was dried under 
vacuum to yield 33.6 g of methyl N- ( 2 -amino- 1, 2-dicyanovinyl) 
formimidate (yield: 80.6%, purity: 95.1%). The solvent of the 
filtrate together with the washings was distilled off to afford 
2.4 g of the secondary crystal of methyl N- ( 2 -amino- 1, 2- 
dicyanovinyl) formimidate (purity: 26.5%) 
Example 5 

g DAMN (200.0 g) and 301.6 g of triethylorthof ormate were 

09 added to 410 ml of ethanol, and stirred with heating at 65°C for 
JIJ 2 hours under a nitrogen atmosphere. The reaction solution was 

» cooled to 3°C, and precipitated crystal was filtrated. After 

0 

W washing with 60 ml of ethanol, the crystal was dried under vacuum 

Uj to yield ethyl N- (2 -amino- l, 2-dicyanovinyl) formimidate (yield: 

pj 88.6%, purity: 98.0%). 

The solvent of the filtrate together with the washings was 
distilled off to afford 28.5 g of the secondary crystal of ethyl 
N- (2-amino-l, 2-dicyanovinyl) formimidate (purity: 44.6%) 

Example 6 

Ethyl N- (2-amino-l, 2-dicyanovinyl) formimidate (40.0 g) was 
added to 245 ml of ethanol, cooled with stirring to 5°C, and 23 g 
of ammonia was injected over 2 hours followed by stirring as such 
for 7 hours. Excess ammonia was degassed at room temperature 
under reduced pressure followed by cooling to 5°C. The 
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precipitated crystal was filtrated, washed with 20 ml of ethanol 
and dried under vacuum to afford 28.1 g of AMD (yield: 85.4%, 
purity: 96.9%). The solvent of the filtrate together with the 
washings was distilled off to afford 4.4 g of the secondary 
crystal of AMD (purity: 72.3%). 
Example 7 

DAMN (0.1 mole, 11.03g, purity: 98%) and 4.95 g of 
formamide (0.11 mole) were dissolved in 100 ml of THF and cooled 
to 5°C. Maintaining the inner temperature at 5°C, 16.87 g of 
phosphorous oxychloride (0.11 mole) was added dropwise over 30 
J min, and then stirred overnight with gradually elevating the 
| solution temperature to room temperature. The reaction solution 
| was neutralized with 383.92 g of 5% sodium hydrogen carbonate 
| a< 3 ueous solution. The precipitated crystal was filtrated and 
■ dried to afford 9.20 g of AMD (yield: 68.1%) 

0 

y Example 8 

Ul DAMN (11.03g, 0.1 mole, purity: 98%) and 4.95 g of 

o 

pj formamide (0.11 mole) were added to 50 ml of THF and cooled to 
5°C. Maintaining the inner temperature at 5°C, 16.87 g of 
phosphorous oxychloride (0.11 mole) was added dropwise over 45 
min, and then stirred overnight and gradually elevating the 
solution temperature to room temperature. The reaction solution 
was neutralized with 505.33 g of 5% sodium hydrogen carbonate 
aqueous solution. The precipitated crystal was filtrated and 
dried to afford 12.39 g of AMD (yield: 91.7%). 
Example 9 

DAMN (110.32 g, 1.0 mole, purity: 98%) and 49.54 g of 
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formamide (1.1 mole) were dissolved in 500 ml of THF and cooled 
to 5°C. Maintaining the inner temperature at 5°C, 168.66 g of 
phosphorous oxychloride (l.i mole) was added dropwise over 1.5 
hours, and then stirred for 4 hours and gradually elevating the 
solution temperature to room temperature. The reaction solution 
was neutralized with 5362.9 g of 5% sodium hydrogen carbonate 
aqueous solution. The precipitated crystal was filtrated and 
dried to afford 118.17 g of AMD (yield: 87.4%). 
(f) Industrial Applicability 

As mentioned above, the process of the present invention is 
suitable as an industrial method for production because it can 
1 USe indu strially easily available diaminomaleonitrile as a raw 
| material and yet short steps and a simple tail end process can 
| produce the target 4 (5) -aminoimidazole-5 (4 ) -carboxamide 
* Q d6rivatives in a 9° od y^ld and purity. The resultant 4(5)- 
W aminoimidazole-5 (4) -carboxamide derivatives are compounds widely 
l used as intermediates of agricultural chemicals and medicines . N- 
m (2-amino-l / 2-dicyanovinyl) amidine which is an intermediate in 
production of 4 (5) -aminoimidazole-5 (4) -carboxamide derivatives 
becomes possible to be obtained from diaminomaleonitrile by 
simpler methods compared to the conventional methods, and this is 
a useful compound as an intermediate of other heterocyclic 
syntheses . 
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